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Abstract 
Human beings have always been exposed to natural radiations arising from within and outside the earth. In the 
present study the concentration of natural radio-nuclides 238U, 232Th and 40K and gamma radiation dose rate in soils 
of Yelagiri hills, Tamilnadu was determined by gamma ray spectrometry. The determined average absorbed dose 
rate value is 88.64 nGy h-1 which is slightly greater than the world average value of 84 nGy h-1. The physico-chemical 
properties such as PH, soil texture, electrical conductivity, bulk density, parasite density and color of the soils was 
determined to assess the soil quality. The obtained radiological and physico-chemical data were treated by 
multivariate statistical techniques such as Pearson correlation and cluster analysis to determine the interrelation 
between the natural radio-nuclides and physico-chemical properties. 
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1. Introduction 
The study about natural radioactivity in man and his environment is important since naturally 
occurring radio-nuclides are the major source of radiation exposure to man. The natural radioactivity in 
soil and building materials comes mainly from uranium (238U) and thorium (232Th) series and the 
radioactive isotope of potassium ( 40K). All these can be sources of both internal and external radiation 
exposure [1]. Internal exposure occurs through inhalation of radon gas and external exposure occurs 
through the emission of penetrating gamma rays. Environmental natural gamma background radiation 
varies with geological and geographical structure and dominates external radiation dose to human body. 
Studies of natural radioactivity are necessary not only because of their radiological impact but also 
because they act as excellent biochemical and geochemical tracers in the environment. Also studies of 
U-series radio-nuclides present in nature have been of particular interest due to their relatively high 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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biological mobility [2].  Although natural radioactivity is found in rocks and soils throughout the earth, 
the accession in specific areas varies relatively within narrow limits. The contamination of soil from 
radio-nuclides poses one of the worst environmental problems in terrestrial ecosystems because it acts as 
a sink as well as source for contaminants. Hence, its analysis plays an important role in assessing the 
pollution status of the terrestrial environment [2]. 
The radioactivity concentrations and dose assessment for soil samples around in Yelagiri hills, 
Tamilnadu have been previously investigated [3]. However, the effects of physico- chemical properties 
on naturally occurring radio-nuclides in the soil have not been studied yet. The objective of this work 
was to establish baseline statistical information of background levels of naturally occurring radio-
nuclides due to 238U, 232Th series and 40K present in the soil and their relationship to physico-chemical 
properties of soil.  
2. Geology of  study area 
Yelagiri (12.570N; 78.640E) is a hill station in Vellore district of Tamil Nadu, India situated off the 
Vaniyambadi-Tirupattur road. Located at an altitude of 1,410 meters above Mean Sea Level and spread 
across 30 km2, the Yelagiri village (also spelled Elagiri at times) is surrounded by orchards, rose-gardens 
and green valleys. Yelagiri comprises of 14 hamlets and a number of temples spread over a couple of 
hills. The highest point in Yelagiri is the Swamimalai Hill standing at 4,338 ft: Swamimalai is a popular 
destination for trekkers. The hill provides a good number of trekking trails through thick reserve forests. 
Mangalam, a small village is at the base of this hill. There are other trekking options that include smaller 
peaks like Jawadhu Hills, Palamathi Hills etc. 
3. Materials and methods 
3.1. Sampling methodology 
The soil samples collected at different locations of Yelagiri Hills, Tamilnadu is shown in Fig 1.The 
locations selected for sampling were uncultivated areas and each soil sample collection an area of 1m x 
1m was marked and carefully cleared of debris to a few centimetres depth. The soil samples were 
collected from 25 locations using automatic core driller. The collected samples were then placed in 
labelled polythene bags and transferred to the laboratory for preparation and analysis [3]. These samples 
were mixed together thoroughly in order to obtain a representative sample of that area.  
 
 
Fig.1.  Soil sample locations of Yelagiri Hills, Tamilnadu 
3.2. Sample preparation 
The collected soil samples were transported to the laboratory, pulverised and made to pass through a 
2-mm mesh sieve. About 500–600 g of each sample was crushed into fine powder by using agate mortar 
and pestle and fine quality of the sample was obtained. The samples were dried in an oven at 1050C for 
24 h to obtain constant dry weight and then were transferred into air-tight PVC containers of uniform 
size (height: 12 cm`  diameter: 6 cm) to its total height to avoid distribution of the gamma radiation-
emitting decay products. The samples were sealed assuming that 222Rn and 220Rn do not escape after 
packing and kept for 28 days to allow radon and its short-lived progenies to reach radioactive equilibrium 
before measurement using a gamma-spectrometry system [3]. 
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Table 1. Activity concentration and absorbed dose in soils of Yelagiri hills, Tamilnadu 
 
3.3.  Radioactivity measurements 
The activity concentration of 238U, 232Th and 40K in soil samples were measured using gamma ray 
spectrometry system based on NaI (Tl) detector coupled to a PC with a special electronics card to make 
it a computerized data acquisition system. The system also contains the usual electronic components of 
preamplifier, amplifier and power supply. The detector was shielded by 15 cm thick lead on all sides 
Sample location  
Id 
Locations 
Activity Concentration 
(Bq kg-1) 
Absorbed Dose 
rate 
 
(DR) 
238U 232Th 40K 
YS1 Pavendar bend BDL 24.47±6.11 2207.3±50.53 109 
YS2 Bharathiyar bend BDL 21.1±5.59 656.51±33.29 41.63 
YS3 Thiruvalluvar bend BDL 13.54±5.23 851.13±34.90 44.77 
YS4 Ilango bend 18.93±8.25 83.77±8.03 1137±44.30 111.68 
YS5 Kambar bend 25.55±7.20 36.24±6.31 913.95±39.04 73.51 
YS6 Kabilar bend 6.24±6.63 28.45±6.12 1391.6±42.96 80.08 
YS7 Oviyar bend 23.35±7.12 38.95±6.34 872.86±38.28 72.64 
YS8 Paari bend 18.45±9.04 89.48±8.82 1025.2±46.59 110.58 
YS9 Kaari bend 33.39±9.49 114.75±9.21 936.11±45.95 130.10 
YS10 Oori bend BDL 22.81±5.25 1143.8±36.54 63.23 
YS11 Aayai bend 21.2±8.59 100.42±8.47 1128.8±44.92 123.41 
YS12 Adiyaman bend 15.76±7.96 71.31±7.69 1250.2±44.83 106.78 
YS13 Nali bend BDL 28.05±6.41 1455.5±45.19 79.81 
YS14 Began bend BDL 26.06±5.88 2165.5±48.52 108.31 
YS15 Arthanavoor BDL 41.45±6.72 1137.8±41.88 75.39 
YS16 kottaivoor 10.1±6.45 43.34±6.10 2105.4±46.83 121.63 
YS17 Mangalam 13.13±6.48 29.52±5.85 1219.1±39.97 76.51 
YS18 Meatokalli 23.76±8.95 13.78±17.21 1263±72.55 72.44 
YS19 pothvoor 23.79±8.38 61.69±16.44 700.93±58.66 80.75 
YS20 Kallivoor 34.93±9.16 46.79±16.71 2052.8±76.73 132.40 
YS21 Nilavoor 39.89±5.64 57.6±8.64 630.41±32.08 81.99 
YS22 Meatokanivoor 39.55±5.55 50.24±8.31 625.09±31.46 76.72 
YS23 Pallakanvoor 49.72±7.00 35.95±9.85 261.11±33.06 56.29 
YS24 Thayaloor 20.45±4.95 44.47±9.26 983.08±39.25 79.70 
YS25 Putthoor 53.23±7.07 89.89±10.89 557.88±36.27 106.19 
Average 19.16 48.56 1146.88 88.62 
534   A. Chandrasekaran et al. /  Procedia Earth and Planetary Science  11 ( 2015 )  531 – 538 
including the top to reduce background due to cosmic ray component and from terrestrial radioactivity 
by almost 98%. The inner sides of the lead shielding are lined by 2 mm thick cadmium and 1 mm thick 
copper to cut off lead X-rays and cadmium X-rays respectively. This graded lining shield further reduces 
the background especially in the low energy region. The certified reference materials supplied by IAEA 
(International Atomic Energy Agency) RGU-I, RGTh-I and RGK-I as standards in the same geometry 
and having the similar density as that of the prepared soil samples were used for obtaining efficiency 
calibration of the detector for various energies in the prescribed geometry. The soil samples were placed 
on the top of 3”x3” NaI (Tl) crystal and using the gamma ray spectrometer and multichannel analyser, 
count spectra were obtained for each of the soil sample. 
The instruments enable the user to check the shape of the complete spectrum and flexibly set the peak 
areas. Each radio-nuclide can be detected in either direct or indirect way. The radioisotope 40K emits 
gamma ray with energy of 1.461 MeV. Hence the determination of 40K is considered as direct. The 
determination of 238U depends on the detection of the 214Bi radio-nuclide which is a member of the 238U 
decay series emitting energy of 1.764 MeV. Therefore, the detection of 238U is indirect. The determination 
232Th concentration is indirect as referred to the 208Tl radio-nuclide with energy of 2.615 MeV, originating 
from the 232Th decay series. The concentration of U, Th and K is measured in Bq kg-1 and reported by 
Sartandel et al [4].  
The minimum detectable activity (MDA) of each of the three primordial radio nuclides was 
determined from the background count rate of the radiation spectrum obtained for the same counting 
time as was done for the soil samples and is estimated to 2.15 Bq kg−1 for 232Th, 2.22 Bq kg−1 for 238U 
and 8.83 Bq kg−1 for 40K.The sealed containers were left for at least 4 weeks (>7 half life’s of 222Rn) 
before counting by gamma ray spectrometry in order to ensure that the daughter products of 226Ra up to 
210Pb and 228Th up to 208Pb achieve equilibrium with their respective parent radio nuclides. All the soil 
samples were subjected to gamma ray spectral analysis with a counting time of 20,000 seconds. 
3.4. Analysis of physicochemical properties of soil 
The  physicochemical properties such as soil texture (%sand,% Slit, %clay), PH and  electrical 
conductivity soils was determined at agricultural university, Coimbatore, Tamilnadu. Soil texture and 
texture class is determined through texture by Feel method and texture triangle respectively. Soil pH 
value (1:1 soil to distilled water) was measured using a pH meter. The electrical conductivity (EC) was 
determined as the EC (1:5) value in supernatant 1:5 soil: water solution multiplied by the correction 
factor of 5 [5]. The determined physicochemical properties of soils are given in Table-2 
3.5. Statistical analysis 
The data were statically analyzed using SPSS 16.0 version statistical software. Pearson’s correlation 
analysis was performed to determine the significant level of correlation [6]. The hierarchical cluster was 
done to know the contribution of physicochemical properties for presence of natural radio nuclides in 
soils of Yelagiri hills, Tamilnadu. 
4.  Results and discussion 
4.1.  Natural radioactivity in soils of yelagiri hills, tamilnadu 
Naturally occurring radioactive materials are present heterogeneously in the earth since its inception. 
The levels of uranium, thorium and potassium vary over a wide range in the surface soil which depends 
on local geology, soil parameters and other influencing factors.   The mean activity concentrations of 
238U, 232Th and 40K in the soil samples were found to be 19.16, 48.56 and 1146.88 Bq kg−1 respectively. 
It is evident that of 25 samples, in 7 soil samples less than below detectable limit of 238U was observed 
but in all other samples greater than 10 Bq kg−1 while only 4  locations (YS21,YS22,YS23,YS25)  activity 
concentration of 238U is greater than world average value (35 Bq kg−1).  Similarly except 9 locations, the 
obtained results for 232Th have higher values of activity concentrations when compared with worldwide 
average value (30 Bq kg−1 for 232Th, respectively) of this radio-nuclide in the soil [4]. Except for one 
location (YS23), the obtained results for 40K have higher value than the worldwide median values (400 
Bq kg−1). The lowest value of 261.11 Bq kg−1 of 40K, was found in the soil sample from the Pallakanvoor 
village of Yelagri Hills and the highest value  of 2207.3 (Bq kg−1)  was found in the soil sample from the 
Pavender bend of Yelagiri. The marginal high values were expected as the study region known to be 
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highly mineralised. The average activity concentration of 232Th and 40K in the present study is 1.38 and 
2.86 times higher than world median value while the activity of 238U is found to be lower (Table-1). 
 
Table 2. The physicochemical properties of soils of Yelagiri hills, Tamilnadu 
 
Sample 
ID 
Locations 
 
Soil Texture 
% of Sand, Slit and Clay PH 
  
EC 
μS/m % Sand % Slit % Clay 
YS1 Pavendar bend Sandy Loam 65 20 15 6.7 86.4 
YS 2 Bharathiyar bend Clay Loam 30 33 37 7.5 145.6 
YS 3 Thiruvalluvar bend Sandy Clay Loam 60 10 30 6.5 132.6 
YS 4 Ilango bend Sandy Loam 65 20 15 5.7 138.2 
YS 5 Kambar bend Clay Loam 30 33 37 6.1 157.7 
YS 6 Kabilar bend Sandy Clay  55 10 35 6.1 245.9 
YS 7 Oviyar bend Sandy Loam 65 20 15 7.9 113.5 
YS 8 Paari bend Loamy Sand 80 12 8 7.9 64.48 
YS 9 Kaari bend Sandy Loam 65 20 15 6.5 114.1 
YS 10 Oori bend Sandy Loam 65 20 15 5.7 138.2 
YS 11 Aayai bend Sandy Loam 65 20 15 8.4 227.8 
YS 12 Adiyaman bend Sandy Clay Loam 60 10 30 7 111.7 
YS 13 Nali bend Sandy Clay  55 10 35 6.1 245.9 
YS 14 Began bend Loamy Sand 80 12 8 6.7 85.44 
YS 15 Arthanavoor Sandy Loam 60 25 15 6.6 107.2 
YS 16 kottaivoor Sandy Loam 65 20 15 6.6 108.4 
YS 17 Mangalam Sandy Clay Loam 60 10 30 6.2 110.7 
YS 18 Meatokalli Sandy Loam 60 25 15 6.8 108.7 
YS 19 pothvoor Sandy Clay  55 10 35 6.1 245.9 
YS 20 Kallivoor Sandy Loam 65 20 15 7.9 113.5 
YS 21 Nilavoor Sandy Loam 70 20 10 6.9 123.6 
YS 22 Meatokanivoor Sandy Loam 70 20 10 7.8 122.5 
YS 23 Pallakanvoor Sandy Clay Loam 60 10 30 7 111.7 
YS 24 Thayaloor Sandy Clay Loam 60 10 30 6.2 110.7 
YS 25 Putthoor Sandy Clay Loam 60 10 30 5.4 87.67 
 
4.2.  Absorbed dose rate (dr) 
The absorbed dose rates (DR) were calculated in air from the activity concentrations of 238U, 232Th 
and 40K concentrations in soil and are given in Table 1. The conversion factors of gamma-dose rate at 1 
m above the soil surface for 238U, 232Th and 40K are 0.462, 0.604 and 0.042 respectively. Therefore 
absorbed dose rate (nGy h-1) can be calculated from the following formula, 
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DR  
 
Where AU, ATh and AK are the activity concentration of the 238U, 232Th and 40K ( in Bq kg-1) 
respectively.  The calculated values of the absorbed dose rate varies from 41.63 nGy h-1 to 130.10 nGy 
h-1 with an average value of 88.64 nGy h-1 which is slightly  greater  than the world average value of 84 
nGy h-1[3]. 
4.3. Physicochemical characterization of soils 
The basic physicochemical properties such as soil texture (%sand, % Slit, %clay), PH, electrical 
conductivity, bulk density, porosity and porosity density and color of soils were determined. Soil texture 
is an estimate of the relative amounts of sand, silt and clay particles in a soil. The sand, silt and clay are 
calculated as percentage for the study. The % of sand ranges from 30 % to 80%, silt ranges from 10% to 
33% and clay ranges from 8% to 37%. The % of clay content is the best predictor for identification of 
organic carbon. Higher clay content reduces the seepage of water, thereby reducing the possible 
Stalinisation in soils. The clay soil retains high amount of metals when compared to sandy soil. The pH 
in soil is the measure of hydrogen ion activity in the soil solution. Generally pH lesser than 7 indicate the 
acidic nature and the pH greater than 7 indicate the alkaline nature of the soil. In the study area pH ranges 
from 5.39 to 8.43 which indicate that the soils are acidic to alkaline. Acidic nature samples are observed 
in south east and North West part of the study area whereas the most of the samples are neutral pH and 
they are noted in southern part. The acidity or alkalinity in soils is determined by different sources in 
natural system and is affected by mineralogy, climate and weathering and it vary according to the local 
geology. The classes and range of soil PH are given in Table-2.Electrical conductivity is an indicator of 
soil quality, crop performance, nutrient cycling and biological activity [7].  The EC depends on the 
amount of moisture EC detained by the soil particles. Generally soil with EC below 400μs/cm are said 
to be marginally or non-saline and EC above 800μs/cm are considered as severely saline. In present study 
area it ranges from 86.4 to 245.9 μs/cm and all the samples are non-saline in nature. 
5. Multivariate statistical analysis 
Multivariate statistical procedures for data treatment and graphics were performed using the 
commercial statistics software package SPSS version 16.0 for Windows. Cluster analysis and Pearson 
correlation were carried out in order to clarify the relationship among the variables, especially the 
influence of soil parameters on the distribution of natural radio nuclides. Cluster analysis is a useful 
statistical method which presents visually the degree of association among variables. The distance axis 
displays the degree of association between groups of variables, i.e., the lower the value on the axis, the 
more significant the correlation [8] 
 
Table 3. Correlation between natural radio nuclides and physicochemical properties of soils of Yelagiri hills 
Variables 238U 232Th 40K DR % sand % slit % clay PH EC 
238U 1         
232Th 0.485 1        
40K -0.520 -0.239 1       
DR 0.185 0.665 0.537 1      
% sand 0.109 0.294 0.290 0.492 1     
% slit -0.067 -0.110 0.005 -0.096 -0.456 1    
% clay -0.073 -0.247 -0.323 -0.476 -0.784 -0.194 1   
PH 0.129 0.140 0.027 0.162 0.243 0.224 -0.425 1  
EC -0.191 -0.027 -0.108 -0.162 -0.392 -0.091 0.495 -0.132 1 
537 A. Chandrasekaran et al. /  Procedia Earth and Planetary Science  11 ( 2015 )  531 – 538 
5.1. Correlation coefficient analysis 
Pearson linear correlation coefficient was determined between activity concentrations of radio 
nuclides and the physicochemical Parameters. The obtained correlation matrix was presented in Table 
3.Significant correlations were observed between the natural radioisotopes of uranium and thorium with 
correlation coefficients more than 0.485 [9]. 40K had negative correlation with uranium/thorium isotopes 
and no correlation with pH, conductivity and distribution of soil particle size. But uranium and thorium 
positively correlated with % of sand and PH of the soil while negatively correlated with % of slit and % 
clay. Hence absorbed dose rate due to natural radio nuclides in soil depends on the distribution of soil 
particle size and PH. 
5.2.  Cluster analysis 
Cluster analysis (CA) is one of the multivariate techniques used to identify and classify groups with 
similar characters in a new group of observations. Each observation in a cluster is most like others in the 
same cluster. Similarity is a measure of distance between clusters relative to the largest distance between 
any two individual variables [9]. The zero distance means the clusters are 100% similar in their sample 
measurements whereas the cluster areas are as disparate as the least similar region means similarity of 
0%. Cluster analysis carried out through axes was to identify similar characteristics among natural 
radioisotopes and physicochemical properties in soils. 
 
In present study for cluster analysis the average linkage method along with correlation coefficient 
distance was applied and the derived dendrogram is shown in Fig.2 In this dendrogram, two significant 
clusters are formed by five physicochemical properties and three radio-nuclides and one absorbed dose 
rate. Cluster–I consists of U, Th, DR, and all five physicochemical properties. This means that 
concentration of uranium, thorium and absorbed gamma dose rate mainly controlled by physicochemical 
properties. Cluster-II consists of only 40K which indicated the potassium not contributes to external 
gamma dose rate. This is good agreement with correlation coefficient analysis.  
 
 
Fig.2. Dentogram shows the clusterung of radionuclides with physicochemcial properties 
6. Conclusions 
Natural radioactivity in soils of Yelagiri hills determined by gamma ray spectrometry and average 
activity concentration of 232Th and 40K in the present study is 1.38 and 2.86 times higher than world 
median value while the activity of 238U is found to be lower. The average absorbed dose rate in present 
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study is slightly greater than the world average value. The multivariate statistical analysis proves the 
natural radioactivity depends on physicochemical properties.  
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